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EXPERIMENT REPORT 



January 12,2010 



By Uichi KOSHIMIZU, 

Manager and Chief Researcher 

of ASUBIO Pharma Co., Ltd, 

one of the inventors of the present application 

The specification of U.S. Patent Application No. 10/574,530 (hereinafter referred to as the 
present application) shows in Examples that pluripotent stem cells were differentiated into 
cardiomyocytes using a substance that inhibits BMP signaling, which includes BMP 
antagonists such as Noggin and Chordin. The results shown in the Examples of the 
specification suggests that cardiomyocytes can be differentiated from pluripotent stem cells of 
primates, such as monkey and human, by inhibiting function and signaling of an endogenous 
BMP molecule. 

Experiment 1 : Effects ofBMP4-siRNA Treatment on Cardiomyocyte-Differentiation 
from ES Ceils 

BMP4 is a molecule of BMP family, and expressed in undifferentiated and early stages of 
differentiation. In this experiment, we confirmed that introduction and expression of siRNA 
specific to BMP4 efficiently induced cardiomyogenic differentiation from ES cells. 

According to the same methods as in Example 1 of the present specification, murine ES cells 
were passaged and maintained in an undifferentiated state, and 3 days before the starting of 
differentiation induction, the ES cells were dispersed into single cells by trypsin treatment. 
Then, siRNA specific to BMP4 gene (BMP4-siRNA; available from Ambion) was introduced 
into the cells using Nucleofector (available from Amaxa), and expressed. The sequences of the 
BMP4-siRNA were as follows. 

(forward) 5 ' -CCACAGCGGUCCAGGAAGATT-3 ' 
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(reverse) 5 ' -UCUUCCUGGACCGCUGUGGTT-3 ' 



Expression of the introduced BMP4-siRNA in the cells continued for 72 hours and more, and 
gene expression of BMP4 was clearly inhibited. After culturing the cells for 3 days in 
undifferentiated state, EBs were formed by the same methods as in Example 6 using floating 
culture plates (SUMILONCELLTIGHT Multiwell Plates; available from Sumitomo Bakelite) 
to induce differentiation. In the differentiation induction stage, the ES cells were incubated 
with the medium-containing siRNA for 1 day, and the effects of treated-siRNA, i.e. the 
decrease of BMP4 expression level by BMP4-siRNA, was confirmed to remain at least for the 
first 3 days. 

As shown in Figure 1, very few of the EBs in the non-treated group ("none") exhibited beating 
even after 14 days of culture. On the other hand, in the groups treated with BMP antagonists 
such as Chordin and DAN, beating was confirmed in about 50-60% of EBs on the 10 th day of 
differentiation. Autonomous beating was also confirmed in about 40% of EBs in the group 
treated with BMP4-siRNA. Further, in the non-treated group, beating was limited to certain 
restricted regions of the EBs, while in the groups treated with BMP antagonists and BMP4- 
siRNA, beating was confirmed virtually throughout almost regions of EB surface. 

Next, expression of cardiomyocyte-specific marker genes was investigated using the same 
methods as in Example 2 of the present specification. As shown in Figure 2, strong expression 
of the GATA4, Nkx2.5, a MHC, pMHC and other genes was confirmed on the 14 th day of 
differentiation in the groups treated with Chordin, DAN, or BMP4-siRNA, compared to that in 
the non-treated group. 

Protein production of cardiomyocyte-specific markers was then investigated by 
imrnunocytochemical staining using the same methods as in Example 2 of the present 
specification. The results are shown in Figure 3. While cells positive for cardiomyocyte- 
specific markers were observed only in very limited regions of the non-treated group EBs, most 
of the cells comprised in the EBs showed positive and strong signals in the group treated with 
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BMP4-siRNA as well as in the groups treated with BMP antagonists (Chordin and DAN). 

These results show that beating cardiomyocytes appeared from ES cells in which gene 
expression of BMP4 was inhibited by introduction and expression of BMP4-siRNA, as much 
as from ES cells treated with BMP antagonists. 

This experiment demonstrates the effect of BMP4-siRNA treatment on cardiomyocyte- 
differentiation from ES cells, of which BMP4 mRNA expression level was decreased within 
the first 3 days of the differentiation-inducing stage. 



O) 40 




Figure 1 . Effects of BMP4-siRNA on appearance rate of beating EBs from mouse ES 
cells. The appearance rate of beating EBs was measured on the 10 th day after inducing 
differentiation (n=3). 
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None cont. Chordin DAN BMP4- 
siRNA siRNA 

Figure 2. Effects of BMP4-siRNA on expression of cardio myocytes marker genes. EBs, 

which were differentiated from ES cells under the same conditions as in Figure 1, were 

collected 6 days after EB formation, and the expression of each gene was analyzed. 
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Figure 3. Effects of BMP4-siRNA on expression of cardiomyocytes-specific marker 
proteins. EBs, which were differentiated from ES cells under the same conditions as in Figure 
1, were collected 14 days after EB formation, and were stained with each antibody against 
indicated protein. 

Experiment 2 : Effects of BMP Antagonist Treatment on Cardiomyocyte-Differentiation 
from Common Marmoset ES Cells 

The monkey, common marmoset ES (cm-ES) cell lines No. 20, 30 and 40 (Sasaki et al., Stem 
Cells 23: 1304, 2005) were obtained from the Laboratory of Applied Developmental Biology, 
Marmoset Research Department, Central Institute for Experimental Animals, Japan. 
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cm-ES cells were cultured on 10 ug/mL mitomycin C-treated mouse embryonic fibroblast 
(MEF) feeder cells with culture medium, which consisted of 80% Knockout Dulbecco's 
modified Eagle's medium (KO-DMEM; Invitrogen Co., 10829-018) supplemented with 20% 
Knockout Serum Replacement® (KSR; Invitrogen Co., 10828-028), 0.1 mM MEM Non- 
Essential Amino Acids Solution (Sigma-Aldrich Co., M7145), 2 mM L-Glutamine (Invitrogen 
Co., 25030-081), 0.1 mM p-Mercaptoethanol (2-ME; Sigma-Aldrich Co., M-7522) and 4 
ng/mL basic fibroblast growth factor (bFGF; Wako Pure Chemical Industries Ltd., 064-04541), 
designated thereafter as cm-ES cell medium, CMESM. cm-ES cells were passaged every 5 or 6 
days to maintain them in an undifferentiated state. 

The cm-ES cells cultured for 3 days in CMESM treated with a recombinant protein of Noggin, 
Chordin, or DAN (50 ng/mL; available from R&D Systems) or in non-treated CMESM, and 
used in the following procedures. Colonies of cm-ES cells were dissociated from the medium 
using a primate ES cell dissociation solution (available from ReproCell), and colonies having a 
size of 40- 1 00 urn were prepared for a later differentiation induction. The aggregates of the cm- 
ES cells were suspended in a culture medium, to which was added the above each recombinant 
protein after removing bFGF from CMESM, to induce differentiation using floating culture 
plates (available from Valmalk). In the differentiation induction stage, the cm-ES cells were 
treated with Noggin or Chordin for the first 3 days. 

As shown in Figure 4, very few of the EBs in the non-treated group ("none") exhibited beating 
even after 14 days of culture. On the other hand, in the groups treated with Noggin, Chordin or 
DAN, beating was observed beginning on the 10 th day of differentiation, and beating was 
confirmed in significantly high percentages of EBs on the 14* day compared to that in the non- 
treated group. 

Next, gene expression and protein production of various cardiomyocyte-specific markers were 
investigated using the same methods as in Example 2 of the present specification. 



Expression of various cardiomyocyte-specific marker genes in the Noggin-treated group, the 



DAN-treated group and the non-treated group is shown in Figure 5. The primers used to detect 
the transcripts of common marmoset ANP (atrial natriuretic peptide), MLC2a (myosin light 
chain-2a), MLC2v (myosin light chain-2v) and p-Actin were as follows. 



ANP 


(forward) 


5 '-GAACCAGAGGGGAGAGACAGA-3 ' 


ANP 


(reverse) 


5 '-CCCTCAGCTTGCTTTTTAGGAG-3 ' 


MLC2a 


(forward) 


5 '-GAGGAGAATGGCCAGCAGGAA-3 ' 


MLC2a 


(reverse) 


5 '-GCGAAC ATCTGCTCCACCTCA-3 ' 


MLC2v 


(forward) 


5 ' -AGG AGGCCTTCACTATC ATGG-3 ' 


MLC2v 


(reverse) 


5 ' -GTG ATGATGTGC ACC AGGTTC-3 ' 


p-Actin 


(forward) 


5'-TCCTGACCCTSAAGTACCCC-3' 


p-Actin 


(reverse) 


5 ' -GTGGTGGTGAAGCTGTAGCC-3 ' 



Expression of cardiomyocyte-specific genes such as ANP, MLC2a and MLC2v in EBs of the 
groups treated with Noggin and DAN was significantly greater than in EBs of the non-treated 
group. 

While cells positive for cardiomyocyte-specific marker proteins such as a -Actinin, Nkx-2.5, 
GATA-4 and troponin I were observed only in very limited regions of the non-treated group 
EBs, in the group treated with BMP antagonists such as Noggin and DAN, cardiomyocyte 
marker-positive cells were found in a wide range of the EBs (Figure 6). 

These results show that the present invention certainly promoted differentiation of 
cardiomyocytes from monkey (common marmoset) ES cells. 

This experiment demonstrates the effect of BMP antagonist treatment on cardiomyocyte- 
differentiation from common marmoset ES cells when these ES cells are treated with a BMP 
antagonist within 3 days before inducing differentiation and within the first 3 days of the 
differentiation-inducing stage. 
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Days of culture 

Figure 4. Effects of BMP antagonists on appearance rate of I 
common marmoset ES cells. n=3. 




None Noggin DAN 

Figure 5. Effects of BMP antagonists on expression of cardiomyocytes-specific marker 
genes. EBs, which were differentiated from common marmoset ES cells, were collected 16 
days after EB formation, and the expression of each gene was analyzed. 
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Figure 6. Effects of BMP antagonists on expression of cardiomyocytes-specific marker 
proteins. EBs, which were differentiated from common marmoset ES cells, were collected 16 
days after EB formation, and were stained with each antibody against indicated protein. DAPI: 
4', 6-diamino-2-phenylindole 

Experiment 3 : Effects of BMP Antagonist Treatment on Cardiomyocyte-Differentiation 
from human ES Cells and human iPS Cells 

Human ES (h-ES) cell lines KhES-1, KhES-2 and KhES-3 were obtained from Kyoto 
University, Japan (Suemori et al., Biochem. Biophys. Res. Commun. 345: 926, 2006). Human 
iPS (h-iPS) cell lines 201B6, 201B7, 253G1, and 253G4 were obtainted from Kyoto University, 
Japan (Takahashi et al., Cell 131: 861, 2007; Nakagawaet al., Nat. Biotechnol. 26:101, 2008). 

h-ES cells and h-iPS cells were cultured on 10 ug/mL mitomycin C-treated mouse embryonic 
fibroblast (MEF) feeder cells with culture medium, which consisted of 80% DMEM/F12 
(Sigma- Aldrich) supplemented with 20% Knockout Serum Replacement® (KSR; Invitrogen), 
ImM L-glutamine, ImM MEM Non-Essential Amino Acids Solution (Sigma-Aldrich), O.lmM 
Ji-mercaptoethanol (2-ME; Sigma-Aldrich) and 4ng/ml basic fibroblast growth factor (bFGF; 
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Wako Pure Chemical Industries Ltd.,) , designated thereafter as human pluripotent stem cell 
medium, HPSM. h-ES cells and h-iPS cells were passaged every 5 or 6 days to maintain them 
in an undifferentiated state. 

The h-ES cells and h-iPS cells were cultured for 3 days in HPSM treated with a recombinant 
protein of Noggin or Chordin (50 ng/mL; available from R&D Systems) or in non-treated 
HPSM, and used in the following procedures. Colonies of h-ES cells and h-iPS cells were 
dissociated from the medium using a primate ES cell dissociation solution (available from 
ReproCell), and colonies having a size of 40-100 um were prepared for a later differentiation 
induction. The aggregates of the h-ES cells and h-iPS cells were suspended in a culture 
medium, to which was added the above each recombinant protein after removing bFGF from 
HPSM, to induce differentiation using floating culture plates (available from Valmalk). In the 
differentiation induction stage, the h-ES cells and h-iPS cells were treated with Noggin or 
Chordin for the first 3 days. 

Approximately 0.1-1% of the EBs derived from h-ES cells and h-iPS cells in the non-treated 
group exhibited beating on the 24 th day of floating culture. On the other hand, in 2-5% of EBs 
derived from h-ES cells and h-iPS cells treated with Noggin or Chordin, beating was observed 
on the 14 th day of floating culture, and beating was confirmed in 10-15% of EBs on the 24 th day. 

To visualize the existence of cardiomyocytes in the beating EBs, staining by a fluorescent 
probe for mitochondria was conducted. In this regard, it was reported by one of the present 
inventors that, since cardiomyocytes contain more mitochondria and higher mitochondrial 
membrane potential than the other types of cells, cardiomyocytes can be isolated and purified 
by labeling using a probe specific to mitochondria in live cells and by monitoring membrane 
potential of the labeled mitochondria (WO2006/022377; Hattori F et al., Nature Methods, in 
revision). Accordingly, cardiomyocytes in EBs can be labeled and observed by fluorescence 
staining using the fluorescence probe for mitochondria. 

Fluorescence probe for mitochondria (MitoTracker® Red: MTR; available from Molecular 



12 



Probe) was added in the culture in a final concentration of 100 nM, and EBs in the culture were 
incubated at 37°C for 10 minutes, and then observed using a fluorescence microscope. 

In the non-treated group ("none"), very few of EBs derived from h-ES cells and h-iPS cells 
exhibited fluorescence from MTR label on the 24 th day of floating culture (Figure 7 and 
Figure 8). On the other hand, in the groups treated with Noggin and Chordin, EBs exhibiting 
fluorescence from MTR label were observed from around the 14 th day of culture, and strong 
fluorescence from MTR label was confirmed in beating EBs. Further, on the 24 th day of 
differentiation, strong fluorescence from MTR label was clearly observed in whole EBs, and 
most of the EBs had beating property. 

This experiment demonstrates the effect of BMP antagonist treatment on cardiomyocyte- 
differentiation from h-ES cells and h-iPS cells when these cells are treated with a BMP 
antagonist within 3 days before inducing differentiation and within the first 3 days of the 
differentiation-inducing stage, and show that the present invention certainly promoted 
differentiation of cardiomyocytcs from human pluripotent stem cells. 




of EBs was obtained using MitoTracker® Red on the 24 th day after inducing differentiation. 
Upper panels depict bright-field images of the untreated EBs. Middle panels show the 
corresponding fluorescence images. Lower panels depict fluorescent images of EBs treated 
with Noggin. 
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Figure 8. Effects of BMP antagonists on differentiation of cardiomyocytes from human 
iPS cells, human iPS cells (201B7 cell line) were treated with Noggin, and a fluorescent image 
of EBs was obtained using MitoTracker® Red on the 24 th day after inducing differentiation. 
Upper panels depict bright-field images of the untreated EBs. Middle panels show the 
corresponding fluorescence images. Lower panels depict fluorescent images of EBs treated 
with Noggin. 

In addition, I confirm that, in Example 6 in the specification of the present application, human 
embryonal carcinoma cells were treated with Noggin or Chordin for 3 days before inducing 
differentiation and for the first 3 days of differentiation-inducing stage. Therefore, the example 
demonstrates the effect of BMP antagonist treatment on cardiomyocyte-differentiation from 
human embryonal carcinoma cells when these cells are treated with a BMP antagonist within 3 
days of pre-differentiation stage and within the first 3 days of the differentiation-inducing stage. 
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